The medium energy x-ray double crystal monochromator ͑DCM͒ is currently being designed at the Canadian Light Source ͑CLS͒. Design goals for the DCM are to provide photons between 1750-5500 eV with a resolving power better than 3000 and photon flux better than 5 ϫ10 10 photons/s/0.1% bandwidth for 500 mA beam current. A set of indium antimonide crystals ͓InSb͑111͔͒ will be used over the energy range of 1750-3700 eV, with resolution ranging from 0.52-1.05 eV. Although InSb allows one to probe the important silicon K edge at ϳ1840 eV, it has the disadvantage of poor thermal conductivity. Exposure to high heat loads from the CLS synchrotron on the first crystal ͑ϳ56.5 W of power for 2 mrad of horizontal bending magnet radiation, ϳ0.54 W/mm 2 power density͒ will cause crystal distortion and thereby intensity/ resolution degradation. A second set of silicon crystals ͓Si͑111͔͒ are proposed for the energy range of 3700-5500 eV. Resolution ranges linearly from ϳ0.41 to ϳ0.70 eV over this energy range. A harmonic filter mirror has been included in the design to reject higher harmonic orders. SHADOW ray-tracing results show that the experimental focus should be 334 m ͓horizontal full width at half-maximum (FWHM)͔ϫ296 m ͑vertical FWHM͒ when the CLS is operational under 2008 conditions.
I. INTRODUCTION
The Canadian Light Source is currently in the design stage for a medium energy x-ray double crystal monochromator ͑DCM͒ beamline. The proposed facility beamline will be installed on dipole bending magnet 11B1.1 at CLS and will be operational by 2004. The Canadian Light Source is a third generation light source, operating at 2.9 GeV energy, with a critical energy of 7574 eV. This facility beamline will be used primarily for x-ray absorption near-edge structure spectroscopy ͑XANES͒ and x-ray absorption spectroscopy ͑XAFS͒-related experiments, related to research and industrial-type problems. We present here the design layout and the theoretical performance of the DCM beamline. The calculations presented here use the electron beam dimensions expected in 2008, for a ring current of 500 mA. 
II. DESCRIPTION OF BEAMLINE DESIGN
The basic optical design of beamline 11B1.1 at CLS is shown in Fig. 1 . The source is a dipole bending magnet of radius 7.1429 m, operating at 1.354 T. A series of thin carbon filters ͑ϳ5 m thickness͒ is used to attenuate the lower photon energies below 1000 eV in an attempt to minimize the heat load on the first mirror and crystal. Estimates from the software module XPower ͓within the X-ray OPtics Utilities ͑XOP 2.0͒ package 2 ͔ are that the carbon filters should absorb 16.8 W of power for 2 mrad of horizontal bending magnet radiation. A bent cylindrical mirror ͑M1, radius of curvature of ϳ275 023 cm͒ is located 12 m downstream of the source, and accepts 2 mrad (horizontal)ϫ0.726 mrad ͑vertical͒ of the synchrotron radiation. This 1 m length mirror deflects the photon beam by 1°in the vertical direction, collimating the light vertically in the process. Vertical collimation minimizes angular contributions to the crystal resolution and prevents excessive vertical divergence of the photon beam. M1 will be nickel coated, since the reflectivity at 0.5°grazing incidence is high ͑Ͼ0.85͒ in the desired photon energy range ͑1750-5500 eV͒, but attenuated strongly above ϳ6500 eV. M1 serves as the main power filter for the downstream optical elements, absorbing 82.9 W of power (maximum power densityϭϳ0.01 W/mm 2 ) with the filters ''out'', and will require water-cooling. The substrate choice, either single crystal Si or glidcop, will be based on the results of finite element analysis ͑FEA͒ calculations.
The photon beam next illuminates the monochromator crystals at ϳ15 m downstream from the source. The crystals are ͑ϩ,Ϫ͒ parallel in configuration, and as a result the incoming and outgoing photon beams are offset but parallel. The scan angle mechanism will allow Bragg angles from ϳ16°to 72°to cover the photon energy range of 1750-5500 eV. As a monochromatizing crystal, InSb͑111͒ or Si͑111͒ will be used above 1750 or 2100/3700 eV, respectively, depending on the energy resolution requirements. A series of absorption edges in InSb ͑In/Sb 2s, 2p 1/2,3/2 ͒ above 3700 eV requires switching to Si crystals. A piezoelectric adjustment with feedback will be used on the second crystal M3 to maintain parallelism. The first crystal ͑M2͒ absorbs 56.5 W of power (maximum power densityϭϳ0.54 W/mm 2 ) with the filters ''out'', and will require water-cooling to prevent thermal distortion and intensity/resolution degradation. This could be especially problematic for the InSb crystals. All optical elements downstream of the first crystal will not require cooling. The beam footprint on M2 and M3 ranges from 3 cm (horizontal)ϫ0.9 cm ͑vertical͒ at 1750 eV, to 3 cm (horizontal)ϫ2 cm ͑vertical͒ at 5500 eV.
The toroidal refocusing mirror ͑M4͒ is ϳ18 m downstream from the source and will be nickel coated for good reflectivity in this photon energy range. This 1 m length mirror ͓major radius ͑optical, tangential͒ ϳ275 023 cm, minor radius ͑sagittal͒ ϳ12.5662 cm͔ deflects the photon beam 1°v ertically, and focuses the beam to the experimental station focus 30 m downstream from the source. M4 demagnifies the source image horizontally by 1.5 at the experimental focus, but maintains 1:1 imaging vertically. At ϳ29 m downstream of the source, an optional harmonic filter mirror ͑M5͒ is located. M5 consists of a simple nickel coated plane mirror, of ϳ0.1 m length. For photon energies below ϳ2100 eV, M5 will typically be ''in'' place at grazing incidence angles of ϳ1°-1.5°in order to quench higher order light. For photon energies above ϳ2100 eV, where higher order light can be removed by the 0.5°grazing incidence mirrors M1 and M4, M5 can be ''out.'' A nitrogen gas cell located between M5 and the experimental station will be used as an I 0 monitor. Total length of the beamline is 34 m, which allows for ample room at the end for user experiments.
III. PERFORMANCE: RESULTS OF PHOTON FLUXÕ RESOLUTION CALCULATIONS AND RAY TRACING
In order to determine the performance of the CLS double crystal monochromator, a series of theoretical calculations were initiated. SHADOW 6 ray tracing was performed using the graphical user interface version of SHADOWVUI, 2 which is available as part of the X-ray Optics Utilities package ͑XOP 2 2.0͒ from the European Synchrotron Radiation Facility ͑ESRF͒. All calculations incorporate the effects of electron beam emittances on the dipole bending magnet source and mirror/crystal reflectivities, but do not include surface roughness or figure error of the optical elements. Figure 2 shows the theoretical photon flux ͑photons/s͒ on the sample at the experimental station focus for a 500 mA beam at CLS in 2008. The two curves show that somewhat higher flux is available by removing the carbon filter, especially at photon energies below ϳ2100 eV where approximately a 50% improvement in flux occurs. Above 3700 eV, the calculation reflects the changeover from InSb͑111͒ to Si͑111͒ crystals. A large drop in photon flux results at this switchover, which results from the narrower natural width ͑Darwin͒ of the Si crystal pair. A jump in flux is observable at ϳ2100 eV, as the harmonic mirror M5 is removed. For most silicon K-edge work below ϳ2100 eV, M5 will typically be ''in'' at 1°-1.5°grazing incidence to remove higher order harmonics, but at the expense of photon flux intensity. It is expected that these fluxes, of the order of ϳ10 12 photons/s on the sample, will be reduced by up to an order of magnitude once surface roughness and figure errors are factored into the ray tracing.
Results of calculations using the XCrystal module within XOP 2 2.0 for Si͑111͒ and InSb͑111͒ crystals in the ͑ϩ,Ϫ͒ parallel configuration are shown in Fig. 3 . The DCM resolution ͑FWHM͒ and s-polarization peak percent reflectivities are based on the combination of both crystals in this configuration. 7 For InSb͑111͒, one can clearly see the effects of the In and Sb 2s/2p 1/2,3/2 edges above ϳ3700 eV, which necessitates switching over to Si͑111͒. Over the energy range of 1750-3700 eV, resolution for InSb͑111͒ ranges from 0.52 to 1.05 eV, which should be sufficient for most XANES and XAFS experiments. Of course Si͑111͒ could also be used over most of this range at higher resolution ͑Ͻ0.4 eV FWHM͒, but at the cost of decreased photon flux. The higher resolution observed for Si͑111͒ is a reflection of the narrower natural or Darwin width of the crystal. DCM resolution ranges almost linearly for Si͑111͒, from ϳ0.41 to ϳ0.70 eV over the photon energy range of 3700-5500 eV. For both crystals, the s-polarization peak percent reflectivities increase InSb͑111͒ crystals were used in the calculation from 1750-3700 eV, while Si͑111͒ crystals were used above this photon energy. Below ϳ2100 eV the harmonic filter mirror ͑M5͒ was ''in'' place, while above this photon energy it was assumed to be moved ''out.'' The two curves illustrate the expected photon flux on sample for the conditions of the carbon filter being ''in'' place, then ''out. '' with increasing photon energy if one ignores absorption edge contributions.
The CLS DCM beamline has been extensively raytraced, using the SHADOWVUI 2 version of SHADOW. 3 A typical ray-tracing scatter plot can be seen in Fig. 4 A comparison of the experimental focus resolution calculated by SHADOW using a continuous photon energy input, with that from XCrystal ͑XOP 2 2.0͒ at 1840 eV, can be seen in Fig. 5 . The resolution from the Monte Carlo based technique of SHADOW is in good agreement with XCrystal, in this case 0.498 eV ͑FWHM͒ versus 0.518 eV ͑FWHM͒. Good agreement between the two techniques was found over the entire photon energy range of 1750-5500 eV, so that the resolutions shown in Fig. 3 are corroborated by SHADOW calculations.
IV. CONCLUSIONS
A description of the CLS facility double crystal monochromator beamline has been given. Calculations were made to determine the intensity and resolution of the beamline for a 500 mA ring current. Photon fluxes on the order of 1.5 ϫ10 12 photons/s will be available at the experimental focus at 1750 eV, and likewise 3.7ϫ10 12 photons/s for 5500 eV. 
